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Abstract: Broiler productivity is dependent on a range of variables; among them, the rearing envi-
ronment is a significant factor for proper well-being and productivity. Behavior indicates the bird’s
initial response to an adverse environment and is capable of providing an indicator of well-being
in real-time. The present study aims to identify and characterize the sequential pattern of broilers’
behavior when exposed to thermoneutral conditions (TNZ) and thermal stress (HS) by constant heat.
The research was carried out in a climatic chamber with 18 broilers under thermoneutral conditions
and heat stress for three consecutive days (at three different ages). The behavior database was first
analyzed using one-way ANOVA, Tukey test by age, and Boxplot graphs, and then the sequence of
the behaviors was evaluated using the generalized sequential pattern (GSP) algorithm. We were able
to predict behavioral patterns at the different temperatures assessed from the behavioral sequences.
Birds in HS were prostrate, identified by the shorter behavioral sequence, such as the {Lying down,
Eating} pattern, unlike TNZ ({Lying down, Walking, Drinking, Walking, Lying down}), which indi-
cates a tendency to increase behaviors (feeding and locomotor activities) that guarantee the better
welfare of the birds. The sequence of behaviors ‘Lying down’ followed by ‘Lying laterally’ occurred
only in HS, which represents a stressful thermal environment for the bird. Using the pattern mining
sequences approach, we were able to identify temporal relationships between thermal stress and
broiler behavior, confirming the need for further studies on the use of temporal behavior sequences
in environmental controllers.
Keywords: animal welfare; animal behavior; behavioral pattern detection; sequential pattern mining
1. Introduction
Extreme weather events are responsible for considerable losses in agriculture world-
wide. In countries located in topical and intertropical zones such as Brazil, climate change is
increasingly visible. With forecasts of high average air temperatures, climate changes, and
heatwaves capable of causing substantial losses in broiler production [1,2], the management
of the internal environment in poultry broiler chicken is a critical factor in maintaining the
bird’s well-being and productivity, as it cannot move in search of better rearing environ-
mental conditions.
Research that improves the environment’s quality for raising broilers is essential [3,4].
Previous studies show that monitoring the behavior of broilers might provide real-time
information on thermal comfort in response to exposure to different thermal environ-
ments [1,5–8], since the animal is used as a biosensor [9,10], becoming a valuable non-
invasive tool for environmental analysis [11]. Behavioral changes can occur quickly and
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at a lower metabolic cost than physiological adjustments [12]. Nevertheless, the matters
relating to the rearing environment and animal welfare are multifactorial; therefore, it is
important to measure a wide range of indicators [3,13,14].
New research has been using precision livestock farming concepts, combining the
automation and optimization of productive resources [15,16] to make broiler production
even more competitive and reducing interference from the outside environment inside
the houses. In general, merging the technology of sensors and actuators, a database of
animal behavior, mathematical models, and the discovery of knowledge in the data applied
together and interconnected can maximize animal production’s potential concerning the
environment and welfare [4,17,18]. Data mining becomes an ally for decision-making in
precision livestock farming [12,19,20].
The generalized sequential pattern algorithm (GSP) is a mining method that can detect
recurrent sequences that exceed a user-specified support threshold. The method was first
presented by Agrawal and Srikant [21] and later applied to analyze tourist behavior [22],
the learning behavior of university students after exposure to educational games [23], and
the behavior of book lending transactions [24]. The mining of sequential patterns in poultry
has been used to assess growing chicks’ behavior under heat and cold stress [8]. However,
there is no evidence of any current literature study focusing on broilers’ sequential behavior
close to slaughter.
This research theorizes that broilers have sequential behavior patterns, specifically
under environmental rearing conditions of thermoneutrality and heat stress. We believe
that identifying the behavioral sequence might help to develop a smart environmental
control process based on visual flock analysis. Thus, the present study’s objective is to
identify and characterize the sequential behavior pattern of broilers in a thermoneutral
rearing environment and under thermal stress due to constant heat exposure.
2. Materials and Methods
2.1. Housing, Animals, and Management
The experiment consisted of raising 18 male Hubbard® broilers in a controlled envi-
ronment house. Birds in the fourth (aged 28 to 30 days old), fifth (aged 35 to 37 days old),
and sixth (aged 42 to 44 days old) week of growth were exposed to continuous heat stress
for 72 h (in total). The experiment was part of extensive research approved by the UFSM
ethics committee (087/2012).
Initially, 600 birds were reared in a conventional experimental house (east–west
orientation; 29◦43′26′ S; 53◦43′07′ W, and 113 m altitude), receiving water and mash
commercial feed ad libitum (Table 1), and all rearing conditions were according to the
breeders’ recommendations [25]. When the birds reached the observation age, 18 broilers
were moved into an environmental chamber beside the experimental broiler house. The
birds were selected according to the homogeneity (±2.5%) of the initial flock.
Table 1. Nutritional levels * of diets according to bird age.
Nutritional Levels Age (Week)
4th 5th 6th
Metabolizable energy (kcal/kg) 3153 3198 3247
Crude protein (%) 19.87 19.03 18.16
Calcium (%) 0.75 0.66 0.61
Digestible phosphorus (%) 0.29 0.28 0.26
Sodium (%) 0.20 0.20 0.19
Digestible lysine (%) 1.10 1.05 1.00
Digestible methionine (%) 0.57 0.56 0.53
Digestible methionine + cystine (%) 0.80 0.77 0.73
* As suggested by Rostagno et al. [26] and Hubbard [25].
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Two days before starting exposure to thermal stress, the birds were taken to the
chamber, remaining under thermoneutral conditions before thermal stress. This period
was considered the adaptation of the birds to the new environmental conditions. At the
end of the five days (two days of adaptation and three days of heat treatment), the birds
returned to the experimental broiler house; in the following week, new birds were selected
so that there was no thermal conditioning of the new birds. The birds were marked on the
back with non-toxic ink to provide individual identification.
2.2. Experimental Set-Up
The chickens were distributed inside the chamber in two experimental rooms, each
with nine birds. The rooms were 0.8 m wide× 1.1 m long× 1.1 m high (Figure 1), insulated
with 0.12 m styrofoam between two plywood walls. The chamber’s environmental control
was carried out with commercial air conditioning (air renewal of 12 m3 h−1) monitored
with digital thermometers with visualization outside the room. The recommended lighting
was 25 lux (white fluorescent lamp; intrutherm LDR-225 luminometer) with 16 h of light
according to the breeder’s manual [25]. Each pen contained a video camera positioned
on the upper side; the footage was taken 24 h a day, generating videos with a resolution
of 704 × 480 pixels and 30 frames per second. Inside the chamber, a tubular feeder and
nipple drinker were used in the experimental pens, and rice husk was used as litter.
The thermal stress consisted of a temperature 8 ◦C above the thermoneutral tempera-
ture for the birds’ age (Table 2). This value was chosen because it is close to the approximate
values found during Brazil’s broilers’ lairage. The birds were kept under constant thermal
stress for three days, featuring a heatwave, described as a period with uncomfortable
temperatures for at least two days above 32 ◦C.
Table 2. The values of temperature (◦C) and relative air humidity (%) that were used to stress the
broilers at the fourth, fifth, and sixth weeks of growth.
Age (Week) ThermoneutralTemperature * (◦C)
Air Relative
Humidity (%) Heat Stress (
◦C) Air RelativeHumidity (%)
4th 20.00 ± 1.3 73.35 ± 2.1 28.00 ± 1.0 61.01 ± 2.5
5th 19.00 ± 0.9 69.45 ± 2.5 27.00 ± 1.1 57.41 ± 2.3
6th 18.00 ± 0.7 74.21 ± 2.3 26.00 ± 0.9 63.61 ± 2.0
* Values based on Hubbard [25].
Continuous video recording of the birds was performed to assess their behavior. The
dark period (8 h) [25] was not analyzed since no individual identification of the bird was
possible. Thus, the total hours analyzed for each day were 16 h, totaling 48 h of video
recording each week, for the heat stress and thermoneutral exposure.
The final data set was composed of 1 behavioral attribute that can assume 12 different
values (Table 3) corresponding to the elaborated ethogram consisting of basic behaviors,
based on previous studies related to the behavior and welfare of broilers [12,27,28].




Figure 1. (A) Scheme of climate chambers. (1a: Chamber with high temperature; 2b: Chamber with 
comfort temperature; 3c: Chamber without experiment; 1: Internal polystyrene insulation; 2: Air 
conditioning; 3: Air intake; 4: Air outlet; 5: Feeder; 6: Drinker; 7: Video camera; 8: Datalogger and 
thermometer sensor). (B) External view of the climatic chamber and (C) inner part (under construc-
tion) showing the seal. (D) Internal view of the cameras with the birds at 35 d old and exposed to 
heat stress. (E) Internal view of the cameras with the birds at 42 d old exposed to thermoneutral 
temperature. 
The thermal stress consisted of a temperature 8 °C above the thermoneutral temper-
ature for the birds' age (Table 2). This value was chosen because it is close to the approxi-
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Figure 1. (A) Scheme of climate chambers. (1a: Chamber with high temperature; 2b: Chamber with
comfort temperature; 3c: Chamber without experiment; 1: Internal polystyrene insulation; 2: Air
conditioning; 3: Air intake; 4: Air outlet; 5: Feeder; 6: Drinker; 7: Video camera; 8: Datalogger
and thermometer sensor). (B) External view of the climatic chamber and (C) inner part (under
construction) showing the seal. (D) Internal view of the cameras with the birds at 35 days old and
exposed to heat stress. (E) Internal view of the cameras with the birds at 42 days old exposed to
thermoneutral temperature.
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Table 3. Descriptive ethogram of the 12 observed broiler behaviors for the composition of the data set.
Ethogram of Observed Behaviors
Eating The bird is in front of the feeder and ingests feed
Drinking The bird is in front of the drinker and ingests water
Foraging The bird stands in an upright position and uses both feet to peck at or move litter material in search of food
Lying down The bird lies in the litter while the head is resting on the ground or is erect
Walking The bird moves at a slow pace
Running The bird moves at a fast pace (at least three steps quicker than normal * walking)
Preening The bird cleans and aligns the feathers using the beak
Litter pecking The bird pecks the litter with the beak
Wing flap Flaps wings while standing on the ground
Dust bathing Bathing in the dust with the use of wings, head, neck, and legs
Stretching The bird stretches one wing and one leg of the same body hemisphere
Lying laterally The bird lies laterally with a stretched leg
* Nääs et al. [29].
After the video recording and storage, the images were analyzed using the methodol-
ogy proposed by Schiassi et al. [6], equivalent to 10 continuous minutes every hour. For
every 60 min, the intermediate 10 min were used for analysis continuously. The behaviors
were recorded in a continuous sequence for later analysis. For example, if a bird (Birdx)
was eating after walking and drinking water and then lying down, the database sequence
was described as Birdx = <Eating, Walking, Drinking, Lying down>. A different behavior
was considered when the bird presented at least 10 s performing a particular behavior and
changing to a new one [30,31].
2.3. Data Analysis
The frequency data of the behaviors (lying down, eating, walking, preening, ly-
ing laterally, drinking, and dust bathing) were used for a one-way analysis of variance
(ANOVA) and Tukey test (95% confidence) comparing the environmental condition factor—
thermoneutral (TNZ) and thermal stress (HS)—with 16 repetitions per day/age (28, 29,
and 30 days of age; 35, 36, and 37 days of age; and 42, 43, and 44 days of age) and in each
ambient condition, totaling 48 N for the thermoneutral condition and 48 N for the thermal
stress condition.
Then, we used the generalized sequential pattern (GSP) algorithm proposed by
Agrawal and Srikant [21] and Srikant and Agrawal [32] to describe the birds’ behavioral
sequence. The GSP algorithm was designed for mining sparse and generalized sequential
patterns that are repeated over time. A description of the GSP algorithm’s operation can be
found in Bureva et al. [33] and Branco et al. [8].
The sequence pattern mining approach finds repeated strings that exceed the mini-
mum support limit declared by the user. The support of a sequence is the percentage of a
finite ordered list of elements in the database that contain the sequence.
The support value of any given sequence reveals how frequent this sequence is. To
calculate the support of a sequence, we use Equation (1).
support (s) =
|Number of occurrences S|
|Total of sequence in the data set| → [0; 1] (1)
A sequence S consists of a list of temporally ordered behaviors. For example, a
sequence of behaviors is described as S = <i1, i2, . . . , in>, where item i1 occurs before item
i2, which occurs before item i3, and so forth. The number of elements in a sequence is
the length of that sequence. In this study, the example sequence, S = <Walking, Eating,
Stretching, Lying down> has a size of 4 and means that it is normal for the bird to show
behaviors in that order. For this study, the user’s support value was 40%, based on the
database’s initial analysis, and the value shows the most relevant and non-repeated strings
(as opposed to cases with a support value below 40%).
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Weka software [34] was used to perform the sequential pattern mining task (GSP),
designed to aggregate algorithms from different approaches/paradigms in the sub-area of
artificial intelligence dedicated to the study of machine learning.
3. Results
The current study presents the frequency of the broilers’ main behaviors during the
final growth period (4th, 5th, and 6th weeks; Table 4) and the most relevant behavior
sequences (Table 5), taking into account the chronological occurrence order.
Table 4. Average frequencies of observed behaviors under HS and TNZ compared by the Tukey test during the 4th, 5th, and
6th week of growth.
Observed Behavior
Age (Wk) AmbientCondition Lying Down Eating Walking Preening
Lying
Laterally Drinking Dust Bathing
4th HS 18.17 ± 6.10 a 9.31 ± 3.22 a 18.00 ± 8.88 a 4.65 ± 2.49 a 1.65 ± 1.51 a 4.00 ± 2.63 a 0.167 ± 0.78 a
TNZ 17.35 ± 4.69 a 10.56 ± 3.75 a 15.63 ± 9.49 a 2.92 ± 2.14 b 0.40 ± 0.74 b 3.90 ± 3.23 a 0.104 ± 0.31 a
p-value 0.466 0.083 0.233 0.0001 0.0001 0.863 0.607
5th HS 18.06 ± 5.66 a 7.77 ± 3.02 a 11.54 ± 6.86 a 3.85 ± 1.87 a 2.31 ± 1.79 a 4.08 ± 2.44 a 0.19 ± 0.70 a
TNZ 16.15 ± 4.98 a 6.63 ± 2.90 a 11.88 ± 8.06 a 3.73 ± 2.29 a 0.38 ± 0.98 b 2.79 ± 2.29 b 0.04 ± 0.20 a
p-value 0.082 0.061 0.828 0.770 0.0001 0.009 0.171
6th HS 18.86 ± 5.23 a 7.00 ± 2.82 a 11.02 ± 6.34 a 4.33 ± 2.11 a 1.54 ± 1.25 a 4.46 ± 2.70 a 0.21 ± 0.92 a
TNZ 18.98 ± 5.61 a 8.02 ± 2.88 a 10.71 ± 7.56 a 3.48 ± 1.81 b 0.71 ± 0.94 a 3.50 ± 2.53 a 0.06 ± 0.32 a
p-value 0.925 0.082 0.827 0.036 0.0001 0.076 0.303
Table 5. Main patterns of sequential behavior for thermoneutral conditions and thermal stress (sequence size ranging from
2 to 7).
The Pattern of Sequential Behaviors
Age (Week) Thermoneutral Temperature Heat Stress
4th
<{Eating, Lying down, Eating}> (n = 6)
<{Lying down, Walking, Drinking, Walking, Lying down }> (n = 5)
<{Lying down, Eating }> (n = 7)
<{Eating, Walking, Lying down }> (n = 4)
<{Eating, Walking, Lying down, Walking, Eating}> (4)
<{Lying down, Walking, Eating}> (n = 5)
<{Eating, Walking, Lying down, Walking, Eating, Walking,
Lying down}> (n = 4)
<{Lying down, Preening}> (n = 6)
<{Lying down, Preening, Walking, Eating}>
(n = 5)
<{Lying down, Preening, Lying laterally}>
(n = 4)
<{Lying down, Eating }> (n = 4)
<{Eating, Lying down }> (n = 4)
<{Lying down, Lying laterally}> (n = 5)
<{Lying down, Preening}> (n = 5)
5th
<{Lying down, Eating }> (n = 4)
<{Lying down, Preening}> (n = 8)
<{Lying down, Eating, Lying down}> (n = 4)
<{Lying down, Walking, Drinking}> (n = 6)
<{Lying down, Walking, Eating}> (n = 4)
<{Eating, Lying down}> (n = 6)
<{Eating, Walking, Lying down, Walking, Eating}> (n = 4)
<{Eating, Lying down}> (n = 7)
<{Lying down, Eating, Lying down}>(n = 6)
<{Lying down, Preening}> (n = 4)
<{Lying down, Eating, Walking, Lying down}>
(n = 4)
6th
<{Lying down, Preening}> (n = 9)
<{Lying down, Eating, Lying down}> (n = 8)
<{Eating, Walking, Lying down}> (n = 4)
<{Lying down, Eating}> (n = 5)
<{Eating, Lying down}> (n = 7)
<{Lying down, Preening, Lying laterally}>
n = (4)
<{Lying down, Walking, Eating, Lying down}>
(n = 4)
<{Lying down, Preening}> (n = 7)
<{Lying down, Lying laterally}> (n = 4)
<{Lying down, Eating, Lying down}> (n = 5)
<{Eating, Lying down }> (n = 7)
n = number of broilers performing the described behavior for the support of 40%.
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3.1. The Behavioral Frequency Approach
The ‘Preening’ behavior showed significant frequency during the 4th week of growth
(4.65 ± 2.49, p = 0.0001) and during the 6th week (4.33 ± 2.11, p = 0.036), indicating higher
values in the tested condition HS, when compared to TNZ. The ‘Lying laterally’ behavior
was significant during all studied ages (1.65 ± 1.51, p = 0.0001; 2.31 ± 1.79, p = 0.0001;
1.54 ± 1.25, p = 0.0001), suggesting high incidence in the HS condition compared to TNZ.
The ‘Drinking’ behavior was also significant in the 5th week of growth when broilers were
exposed to HS compared to those inside a TNZ area (4.08 ± 2.44, p = 0.009) (Table 4).
Means that do not share the same letter (a, b) differ by Tukey test (95% confidence).
When exposed to heat stress, broilers showed a higher frequency of some behaviors
concerning TNZ, such as increased water cooler use, bed bath, and lying sideways under
the bed, regardless of age. Birds experiencing thermal comfort usually feed regularly since
the feeding behavior is the first indicator of bird welfare. In the present study, broilers
have increased water consumption in HS and higher feed consumption in TNZ. We found
that, during heat stress, broilers were lying on their side at all ages (p < 0.001), and this is a
behavior related to thermal stress.
3.2. The GSP Algorithm’s Approach
Unique behavior patterns were found, which corresponds to the total number of birds
remaining in that behavior during the observation period, such as {Eating} and {Lying
down}, comprising a unique sequence. These behaviors were observed at both ages and
temperatures assessed, ensuring a natural broiler pattern. Some behaviors were not seen
because they had less than 40% support, among them ‘Foraging’ and ‘Running’ [8].
The most relevant behavior sequences obtained using the GSP algorithm are shown in
Table 5. The GSP algorithm’s approach indicates that a sequential pattern is characterized
by events that occur in a temporal order and appear with significant frequency in a
database. The support chosen was 40% for presenting the percentage of a finite ordered list
of elements in the database containing the sequence and representing the most relevant
sequential patterns for the proposal. The support value of any sequence reveals how
frequent that sequence is.
We were able to differentiate and characterize sequences of behaviors for both temper-
ature limits studied. Activity and feeding behaviors were more characteristic in conditions
of thermal comfort, such as the behavioral sequences {Lying down, Walking, Eating}, {Lying
down, Walking, Drinking, Walking, Lying down}, and {Lying down, Walking, Drinking},
with a frequency above four birds (support 40%). Unlike HS, the birds were more pros-
trated, shown in the shorter behavioral sequence, such as the pattern {Lying down, Eating}.
This scenario indicates that the birds decrease their locomotor activities when under heat
stress.
The ’Preening’ behavior is considered typical behavior of broilers, as it appears in both
ages and treatments, with a primary sequence of {Lying down, Preening}. However, during
HS, the behavior sequence {Lying down, Preening, Lying laterally} was more frequent. On
the other hand, the sequential behavior {Lying down, Lying laterally} can be characterized
to differentiate an apparent situation from thermal discomfort, appearing only at the ages
of 28 and 42 days in the situation of 8 ◦C above the thermoneutrality range.
Behaviors that did not differ between treatments can be explained by the bird not
exceeding homeothermy’s critical limits and managing to guarantee the desired perfor-
mance.
4. Discussion
Broilers outside the thermoneutral zone tend to change their behavior, negatively
influencing their performance. Because of this, the quick and early diagnosis of problems
in the flock is critical [15], and this may be done through the monitoring of the activities
and behavior of the broilers. As the assessment of behavioral responses is a non-invasive
measure, it can be combined with technologies allowing automated assessment in an
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efficient and real-time manner [16]. Therefore, data mining is becoming more popular in
the poultry industry to analyze the constant and vast data sets generated by the increasing
use of sensors in the current poultry industry [18,19,35–38]. Data mining also supports the
development of an early warning system for precision livestock systems [11,39,40].
We recommend, in this study, the use of sequential pattern mining to characterize
events that happen over time and appear with significant frequency in a database since
these patterns can predict a future event based on the previous ones. Based on this
assumption, we were able to identify sequences of characteristic behaviors of broilers
under thermal stress or not. Ingestive behavior is the first suggestive behavior that the bird
demonstrates when it is in an unsuitable environment. Although feeding behaviors were
seen at both temperatures (Tables 4 and 5), a difference in the sequential pattern of behavior
was observed. Food intake behavior can be an adaptive mechanism in the face of thermal
stress, reducing when the ambient temperature increases [41–44]. Drinking behavior was
found to be the opposite, with birds increasing their water consumption during exposure
to high temperatures [41] in homeostatic response to water loss through evaporation. The
sequence patterns indicate that they remained lying down and only rose in order to drink
and eat: {Eating, Lying down} and {Lying down, Eating, Walking, Lying down} (Table 5).
Nevertheless, broilers exposed to thermal stress tended to decrease their locomotor ac-
tivities in an attempt to reduce the heat generated by movement [42,45]. Shorter sequences
of behavior performed at lower frequency occurred under HS. On the contrary, the activity
and feeding behaviors were more characteristics under conditions of thermal comfort, with
a frequency above four birds: ({Lying down, Walking, Eating}, {Lying down, Walking,
Drinking, Walking, Lying down}, and {Lying down, Walking, Drinking} (Table 5).
Previous studies show that broilers spend 60 to 80% of their time resting [27,29,40].
However, aging birds decrease their activities, especially their locomotor and floor-
scratching activities [30,46] and their rapid growth rate [28]. Nevertheless, both low
and high rates of activity behaviors can be detrimental to the welfare of birds [15,47]. Thus,
it is vital to ensure that chickens have appropriate activity levels at any age [15,48]. Activity
indexes are easily visualized through automated monitoring employing video cameras,
demonstrating the importance of work in this area [15,35,37].
The sequential pattern {Lying down, Lying laterally}, which appeared only under
thermal stress by heat, proves that, under conditions of thermal stress, the bird uses
such behavior to favor the thermal exchange of heat by conduction [49]. Although the
’preening’ behavior is considered a comfort behavior [16,38], this behavior showed great
frequency during HS. However, it can also be performed in stressful situations, serving
as a mechanism to relieve stress [50], such as the sequence observed during HS <{Lying
down, Preening, Lying laterally}>, preceding the characteristic behavior of stress that was
lying on the side.
Animals modify their behavior in response to changes in the environment, indicating
the animal’s well-being. Although they can adapt their behavior to variations in the
thermal environment, it is not recommended that there be a considerable variation in
temperature [51]. Observation of birds’ behavior is an indicator of bird welfare, and the
greater the repertoire of behaviors performed by birds, the greater the indication that they
are in better conditions [48]. Research that optimizes the set of variables is necessary to
find solutions that provide adequate welfare levels for broilers [52] to achieve the flock’s
productive and economic efficiency.
Nowadays, most environmental control in broiler houses relies mainly on temperature
monitoring, although there is the possibility of using integrated temperature, relative
humidity, and gas sensors for environmental control in broiler housing. The study of broiler
behavior sequential patterns might help in environmental control decision-making by
integrating behavioral feedback into an environmental control process. Such a combination
of knowledge might help to optimize broiler housing environmental control.
Providing faster and more accurate information is essential for current poultry to
detect problems early [15,36,38]. Since a broiler’s lifetime is limited to 6 weeks on average,
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ensuring an adequate flock thermal environment and welfare during their lifespan is a
critical task. The present study’s thermal stress lasted for three days, making it difficult for
the bird to adapt in the short term, with no significant changes in the bird’s behavior. Future
studies can assess thermal stress exposure’s intensity levels to identify meat production
losses since countries with tropical and subtropical climates indicate increased heatwave
occurrence. Another possibility is that the sequential behavior algorithm might be the basis
of the smart environmental control of livestock houses, as Morota et al. [20] suggested
when implementing automation in farm animal production. Such an application might be
further developed using a visual aid process.
5. Conclusions
Sequential pattern mining can identify temporal relationships between constant ther-
mal stress and broiler behavior close to slaughter. Ingestive and locomotive behaviors are
different in terms of comfort or thermal discomfort. The sequential patterns of {Lying down,
Walking, Drinking} and {Lying down, Walking, Drinking, Walking, Lying down} are seen in
thermoneutral conditions but not HS, in which birds become more prostrated, identified by
the length of the {Eating, Lying down} sequences of behavior. Another sequential pattern
characteristic of HS is {Lying down, Lying laterally}. Longer sequences are seen in TNZ,
indicating that broilers’ well-being is optimized.
Author Contributions: Supervision, D.J.d.M.; The experiment was designed and carried out in
the field by T.B. and D.R.K.; The data were analyzed by S.R.d.M.O., T.B., N.D.d.S.L. and I.d.A.N.;
The article was written by T.B. and reviewed by I.d.A.N. All authors have read and agreed to the
published version of the manuscript.
Funding: This research was funded by Coordination of Superior Studies (CAPES) and the National
Council for the Scientific and Technological Development (CNPq) grant number 8p-4870/2019.
Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
UFSM (protocol code 087/2012 and date of approval 06/2013).
Informed Consent Statement: Not applicable.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. Nääs, I.D.A.; Romanini, C.E.B.; Salgado, D.D.; Lima, K.A.O.; Vale, M.M.D.; Labigalini, M.R.; de Souza, S.R.L.; Menezes, A.G.;
de Moura, D.J. Impact of global warming on beef cattle production cost in Brazil. Sci. Agric. 2010, 67, 1–8. [CrossRef]
2. Vale, M.M.D.; de Moura, D.J.; Nääs, I.A.; Curi, T.M.R.C.; Lima, K.A.O. Effect of a simulated heat wave in thermal and aerial
environment broiler-rearing environment. Eng. Agríc. 2016, 36, 271–280. [CrossRef]
3. Lay, D.C., Jr.; Fulton, R.M.; Hester, P.Y.; Karcher, D.M.; Kjaer, J.B.; Mench, J.A.; Mullens, B.A.; Newberry, R.C.; Nicol, C.J.;
O’Sullivan, N.P.; et al. Hen welfare in different housing systems. Poult. Sci. 2011, 90, 278–294. [CrossRef]
4. Lima, K.A.O.; Nääs, I.A.; Moura, D.J.; Garcia, R.G.; Mendes, A.S. Applying multi-criteria analysis to select the most appropriate
broiler rearing environment. Inf. Process. Agric. 2020. [CrossRef]
5. Daigle, C.L.; Rodenburg, T.B.; Bolhuis, J.E.; Swanson, J.C.; Siegford, J.M. Use of dynamic and rewarding environmental enrichment
to alleviate feather pecking in non-cage laying hens. Appl. Anim. Behav. Sci. 2014, 161, 75–85. [CrossRef]
6. Schiassi, L.; Yangai, T., Jr.; Ferraz, P.F.P.; Campos, A.T.; Silva, G.R.E.; Abreu, L.H.P. Comportamento de frangos de corte submetidos
a diferentes ambientes térmicos. Eng. Agríc. 2015, 33, 390–396. [CrossRef]
7. Mortensen, A.K.; Lisouski, P.; Ahrendt, P. Weight prediction of broiler chickens using 3D computer vision. Comput. Electron. Agric.
2016, 123, 319–326. [CrossRef]
8. Branco, T.; Moura, D.J.; Nääs, I.A.; Oliveira, S.R.M. Detection of broiler heat stress by using the generalised sequential pattern
algorithm. Biosyst. Eng. 2020, 199, 121–126. [CrossRef]
9. Xin, H.; Shao, J. Real-time assessment of swine thermal comfort by computer vision. In Proceedings of the World Congress of
Computers in Agriculture and Natural Resources, Foz do Iguaçu, Brazil, 13–15 March 2002; pp. 362–369.
10. Cordeiro, M.B.; Tinôco, I.F.F.; Filho, R.M.D.M.; de Sousa, F.C. Análise de imagens digitais para a avaliação do comportamento de
pintainhos de corte. Eng. Agríc. 2011, 31, 418–426. [CrossRef]
11. Van Hertem, T.; Norton, T.; Berckmans, D.; Vranken, E. Predicting broiler gait scores from activity monitoring and flock data.
Biosyst. Eng. 2018, 173, 93–102. [CrossRef]
AgriEngineering 2021, 3 456
12. Pereira, D.F.; Miyamoto, B.C.B.; Maia, G.D.N.; Sales, G.T.; Magalhães, M.M.; Gates, R.S. Machine vision to identify broiler breeder
behavior. Comput. Electron. Agric. 2013, 99, 194–199. [CrossRef]
13. Nicol, C.J.; Caplen, G.; Edgar, J.; Browne, W.J. Associations between welfare indicators and environmental choice in laying hens.
Anim. Behav. 2009, 78, 413–424. [CrossRef]
14. Edgar, J.L.; Nicol, C.J.; Pugh, C.A.; Paul, E.S. Surface temperature changes in response to handling in domestic chickens. Physiol.
Behav. 2013, 119, 195–200. [CrossRef] [PubMed]
15. Kristensen, H.H.; Cornou, C. Automatic detection of deviations in activity levels in groups of broiler chickens—A pilot study.
Biosyst. Eng. 2011, 109, 369–376. [CrossRef]
16. Fraess, G.A.; Bench, C.J.; Tierney, K.B. Automated behavioural response assessment to a feeding event in two heritage chicken
breeds. Appl. Anim. Behav. Sci. 2016, 179, 74–81. [CrossRef]
17. Frost, A.R.; Schofield, C.P.; Beaulah, S.A.; Mottram, T.; Lines, J.; Wathes, C.M. A review of livestock monitoring and the need for
integrated systems. Comput. Electron. Agric. 1997, 17, 139–159. [CrossRef]
18. Diez-Olivan, A.; Averós, X.; Sanz, R.; Sierra, B.; Estevez, I. Quantile regression forests-based modeling and environmental
indicators for decision support in broiler farming. Comput. Electron. Agric. 2019, 161, 141–150. [CrossRef]
19. Fournel, S.; Rousseau, A.N.; Laberge, B. Rethinking environment control strategy of confined animal housing systems through
precision livestock farming. Biosyst. Eng. 2017, 155, 96–123. [CrossRef]
20. Morota, G.; Ventura, R.V.; Silva, F.F.; Koyama, M.; Fernando, S.C. Big Data Analytics and Precision Animal Agriculture Symposium:
Machine learning and data mining advance predictive big data analysis in precision animal agriculture1. J. Anim. Sci. 2018, 96,
1540–1550. [CrossRef]
21. Agrawal, R.; Srikant, R. Mining sequential patterns. In Proceedings of the Eleventh International Conference on Data Engineering,
Taipei, Taiwan, 6–10 March 1995; pp. 3–14. [CrossRef]
22. Höpken, W.; Müller, M.; Fuchs, M.; Lexhagen, M. Flickr data for analysing tourists’ spatial behaviour and movement patterns. J.
Hosp. Manage. Tour. 2020, 11, 69–82. [CrossRef]
23. Shih, W.-C. Mining Learners’ Behavioral Sequential Patterns in a Blockly Visual Programming Educational Game. In Proceedings
of the 2017 International Conference on Industrial Engineering, Management Science and Application (ICIMSA), Seoul, Korea,
13–15 June 2017; IEEE: Piscataway, NJ, USA, 2017; pp. 1–2. [CrossRef]
24. Astuti, T.; Anggraini, L. Analysis of Sequential Book Loan Data Pattern Using Generalized Sequential Pattern (GSP) Algorithm.
IJIIS Int. J. Inform. Inf. Syst. 2019, 2, 17–23. [CrossRef]
25. Hubbard. Technical Manual. 2014. Available online: https://www.hubbardbreeders.com/pt/documentation/ (accessed on 27
October 2020).
26. Rostagno, S.R.; Albino, L.F.T.; Donzele, J.L.; Gomes, P.C.; Oliveira, R.F.; Lopes, S.C.; Ferreira, A.S.; Barreto, S.L.T.; Euclides, R.F.
Tabelas Brasileiras para Aves e Suínos: Composição de Alimentos e Exigências Nutricionais, 3rd ed.; UFV: Viçosa, Brazil, 2011; p. 252.
27. Weeks, C.A.; Danbury, T.C.; Davies, H.C.; Hunt, P.; Kestin, S.C. The behaviour of broiler chickens and its modification by lameness.
Appl. Anim. Behav. Sci. 2000, 67, 111–125. [CrossRef]
28. Bokkers, E.A.M.; Koene, P. Behaviour of fast- and slow growing broilers to 12 weeks of age and the physical consequences. Appl.
Anim. Behav. Sci. 2003, 81, 59–72. [CrossRef]
29. Nääs, I.D.A.; Lozano, L.C.M.; Mehdizadeh, S.A.; Garcia, R.G.; Abe, J.M. Paraconsistent logic used for estimating the gait score of
broiler chickens. Biosyst. Eng. 2018, 173, 115–123. [CrossRef]
30. Bizeray, D.; Estevez, I.; Leterrier, C.; Faure, J.M. Influence of increased environmental complexity on leg condition, performance,
and level of fearfulness in broilers. Poult. Sci. 2002, 81, 767–773. [CrossRef]
31. Roll, V.F.B.; dai Prá, M.A.; Roll, A.A.P.; Xavier, E.G.; Rossi, P.; Anciuti, M.A.; Rutz, F. Influência da altura de comedouros tubulares
no comportamento ingestivo de frangos de corte. Arch. Zootec. 2010, 9, 115–122. Available online: http://scielo.isciii.es/scielo.
php?script=sci_arttext&pid=S0004-05922010000100012&lng=es&nrm=iso (accessed on 27 April 2020). (In Portuguese). [CrossRef]
32. Srikant, R.; Agrawal, R. Mining sequential patterns: Generalizations and performance improvements. In Transactions on Petri Nets
and Other Models of Concurrency XV; Springer Science and Business Media LLC: Berlin/Heidelberg, Germany, 1996; pp. 1–17.
33. Bureva, V.; Sotirova, E.; Chountas, P. Generalized Net of the Process of Sequential Pattern Mining by Generalized Sequen-
tial Pattern Algorithm (GSP). In Advances in Intelligent Systems and Computing; Springer Science and Business Media LLC:
Berlin/Heidelberg, Germany, 2015; pp. 831–838.
34. Witten, I.H.; Frank, E.; Hall, M.A.; Pal, C.J. Data Mining: Practical Machine Learning Tools and Techniques, 4th ed.; Morgan Kaufmann:
San Francisco, CA, USA, 2016.
35. Youssef, A.; Exadaktylos, V.; Berckmans, D.A. Towards real-time control of chicken activity in a ventilated chamber. Biosyst. Eng.
2015, 135, 31–43. [CrossRef]
36. Sassi, N.B.; Averós, X.; Estevez, I. Technology and Poultry Welfare. Animals 2016, 6, 62. [CrossRef]
37. Fernández, A.P.; Norton, T.; Tullo, E.; van Hertem, T.; Youssef, A.; Exadaktylos, V.; Vranken, E.; Guarino, M.; Berckmans, D.
Real-time monitoring of broiler flock’s welfare status using camera-based technology. Biosyst. Eng. 2018, 173, 103–114. [CrossRef]
38. Li, G.; Hui, X.; Lin, F.; Zhao, Y. Developing and Evaluating Poultry Preening Behavior Detectors via Mask Region-Based
Convolutional Neural Network. Animals 2020, 10, 1762. [CrossRef]
39. Kashiha, M.; Pluk, A.; Bahr, C.; Vranken, E.; Berckmans, D. Development of an early warning system for a broiler house using
computer vision. Biosyst. Eng. 2013, 116, 36–45. [CrossRef]
AgriEngineering 2021, 3 457
40. Guo, Y.; Chai, L.; Aggrey, S.E.; Oladeinde, A.; Johnson, J.; Zock, G. A Machine Vision-Based Method for Monitoring Broiler
Chicken Floor Distribution. Sensors 2020, 20, 3179. [CrossRef]
41. Chowdhury, V.S.; Tomonaga, S.; Nishimura, S.; Tabata, S.; Furuse, M. Physiological and Behavioral Responses of Young Chicks to
High Ambient Temperature. J. Poult. Sci. 2012, 49, 212–218. [CrossRef]
42. Li, G.; Zhao, Y.; Chesser, G.D.; Lowe, J.W.; Purswell, J.L. Image Processing for Analyzing Broiler Feeding and Drinking Behaviors.
In Proceedings of the 2019 ASABE Annual International Meeting, Boston, MA, USA, 7–10 July 2019; American Society of
Agricultural and Biological Engineers (ASABE): Boston, MA, USA, 2019.
43. Santos, M.M.; Souza-Junior, J.B.F.; Queiroz, J.P.A.F.; Costa, M.K.O.; Lima, H.F.F.; Arruda, A.M.V.; Costa, L.L.M. Broilers’
behavioural adjustments when submitted to natural heat stress and fed different maize particle sizes in the diet. J. Agric. Sci.
2019, 157, 743–748. [CrossRef]
44. Vandana, G.D.; Sejian, V.; Lees, A.M.; Pragna, P.; Silpa, M.V.; Maloney, S.K. Heat stress and poultry production: Impact and
amelioration. Int. J. Biometeorol. 2021, 65, 163–179. [CrossRef]
45. María, G.A.; Escós, J.; Alados, C.L. Complexity of behavioural sequences and their relation to stress conditions in chickens (Gallus
gallus domesticus): A non-invasive technique to evaluate animal welfare. Appl. Anim. Behav. Sci. 2004, 86, 93–104. [CrossRef]
46. Mack, L.A.; Felver-Gant, J.N.; Dennis, R.L.; Cheng, H.W. Genetic variations alter production and behavioral responses following
heat stress in 2 strains of laying hens. Poult. Sci. 2013, 92, 285–294. [CrossRef] [PubMed]
47. Rushen, J.; Butterworth, A.; Swanson, J.C. Animal Behavior and Well-Being Symposium: Farm animal welfare assurance: Science
and application 1. J. Anim. Sci. 2011, 89, 1219–1228. [CrossRef] [PubMed]
48. Zhao, Z.-G.; Li, J.-H.; Li, X.; Bao, J. Effects of Housing Systems on Behaviour, Performance and Welfare of Fast-growing Broilers.
Asian-Australas. J. Anim. Sci. 2014, 27, 140–146. [CrossRef]
49. Filho, J.A.D.B.; Silva, I.J.O.; Silva, M.A.N.; Silva, C.J.M. Avaliação dos comportamentos de aves poedeiras utilizando sequência de
imagens. Eng. Agríc. 2007, 27, 93–99. [CrossRef]
50. Henson, S.M.; Weldon, L.M.; Hayward, J.L.; Greene, D.J.; Megna, L.C.; Serem, M.C. Coping behaviour as an adaptation to stress:
Post-disturbance preening in colonial seabirds. J. Biol. Dyn. 2012, 6, 17–37. [CrossRef] [PubMed]
51. Quinteiro-Filho, W.M.; Ribeiro, A.; Ferraz-De-Paula, V.; Pinheiro, M.L.; Sakai, M.; Sá, L.R.M.; Ferreira, A.J.P.; Palermo-Neto, J.
Heat stress impairs performance parameters, induces intestinal injury, and decreases macrophage activity in broiler chickens.
Poult. Sci. 2010, 89, 1905–1914. [CrossRef] [PubMed]
52. Dawkins, M.S. Animal welfare and efficient farming: Is conflict inevitable? Anim. Prod. Sci. 2016, 57, 201. [CrossRef]
